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of water and one of two approved methods for the 

PYROGEMS SEPARATIONS BY CERAMIC manufacture of non-pyrogenic water, or water for in- 

ULTRAFILTRATION jection. The endotoxin has a large molecular weight 

compared to the molecular weight of water, so that 

BACKGROUND OF THE INVENTION 5 distillation is effective in rendering the source water 

This invention relates to ceramic ultrafiltration and non-pyrogenic through distillation processes. The other 

separating Ufe sciences substances. approved method for manufacture of non-pyrogemc 

Asymmetric ceramic filters provide media for mi- water is reverse osmosis, 

croffltration and ultrafiltration separation processes. ]^dotoxins can be removed based on molecular size 

These ceramic filters today are becoming recognized exclusion through reverse osmosis. Reverse osmosis 

for their excellent structural bonding and integrity and membranes are cxchision membranes but require pres- 

are rapidly extending the fields of filtration applications sures and structures which make processing difficult 

to separations processes performed under extreme con- because of the small pore size of the reverse osmosis 

ditions of pressure, temperature, and pH. membranes. Moreover, lower molecular weight sub- 

"New Ceramic Filter Media for Cross-Flow Mi- stances such as salts are excluded by reverse osmosis 

crofiltration and Ultrafiltration" by J. Gillot et al of the and this becomes a drawback in forming non-pyrogenic 

Ceramic Membranes Department of SCT in Tarbes, parenteral solutions containing certain salts. 

France, as published in Filtra 1984 Conference, Oct 2-4, Certain drawbacks are associated with prior conven- 

1984. (Apr., 1986) presents alumina membrane-on-sup- tionai processes for pyrogen removal, including distilla- 

port filter media composed of a macroporous support tion, reverse osmosis, and adsorption by asbestos or 

with ceramic membrane layered on multi-channels other media. Distillation processes are highly capital 

through the support over channel diameters of 4 or 6 intensive and expensive to operate. Reverse osmosis 

mm. Microfiltration membranes are presented with offers a less expensive method of pyrogen removal but 

average pore diameters ranging from 0.2 microns to 5 presents substantial problems of cleaning, depyrogenat- 

microns, and ultrafiltration membranes are presented 25 ^^^^ maintaining a non-pyrogenic permeate over 

with average pore diameters ranging from 40A to extended operational time periods. Distillation and re- 

lOOOA. The membranes on support elements are assem- ^^^^ osmosis have the further drawback that neither 

bled in modules with filtration surface areas of 0.01 to depyrogenate parenteral solutions be- 

3.8 m2. The Gillot et al publication pomts out character- ^^^^ distillation and reverse osmosis remove the solute 

istics for a support composition of alpha-alumina Mid 3u pyrogen. Asbestos systems now arc unaccept- 

for microfiltration membranes composed of alpha- able, and other charge media are not sufficiently effec- 

alurama and for ultrafiltration membranes of gamma- ^yvog^ex, removal. 

. . . . Ultrafiltration has been identified as a method for 

Ultrafiltration °^<^°»»'^^%,^^f ^^^^^^^^ pyrogen removal from Kquids, polymer structures with 
processes over a f « ^^3^^^^^^^ Jire sizes larger than reverse ^osis membranes but 
generally from abou 10 o 20A to about 1000 to 2000A. ^ microporous filters. 
In the context of filtration separations over an entire !»iDimcr uwu uic mii,iupuiuua iuiw». 
speSrum of small particle separation processes, reverse UluafiltraUon membnmes concentrate products 
<^osis extends from about 1 to lOA to 20A, ultrafiltra- ^hich^e eidier di^olved or particulate. T^^^^ cau- 
tion from about lOA to 2000A, microfiltration from 40 centrauon. the product^is retained by the mter m a 
about 500A or 0.05 micron to about 2 microns, and ^^^^^e while water and low molecular weight solutes 
particle filtration from about 1 to 2 microns and up. including salts, alcohols, etc., pass through the mem- 

Pyrogens are fever-inducing substances and arc iden- ^^^^ ^ » permeate. The concentration operation can 

tified operationally as a substance which, when injected be Hmitcd by a buildup of rctamcd material at the skm 

into rabbits in an amount of 10 ml of solution per kg of 45 membrane surface. The buildup is called concentration 

body weight, raises the body temperature of one rabbit polarization and results m significant resistance to filtra- 

0.6" C or a total rise of more than 1.4' C. for three tio^ ^ow. 

rabbits (USD XDC). Endotoxins are high molecular Ultrafiltration can be an effective means of pyrogen 
weight complexes, e.g., molecular weights of about removal because molecular weights of lipopolysaccha- 
10,000 up to 100.000 to 200,000 and by some reports up 50 "des can be on the order of 20.000, for example, and 
to 1 miUion, which derive from gram negative bacteria. then a 10,000 molecular weight cut-off membrane gen- 
Bacteria shed their outer membrane into the environ- crally is used to insure high removal efficiency, 
ment, similarly to a human shedding an outer layer of However, life sciences apphcations typically produce 
skin. It is well known that endotoxin causes fever in a slime on the polymeric membrane, including a film 
humans. It appears that the biological activity of cndo- 55 layer which sets up in cross-flow ultrafiltration. Poly- 
toxin derives from the lipid portion of the molecule. mcric membranes arc particularly susceptible to this 

Pyrogens are not eliminated by autoclaving because buildup of slime because polymeric membranes are not 
the endotoxin, as represented by the Upopolysaccharide easily cleanable. The polymeric membrane also is de- 
molecule, is resistant to thermal destruction. The lipo- graded by high temperatures or concentrated corrosive 
polysaccharide molecule is thermally stable, and de- 60 chemicals, eg-, such as adds or bases which otherwise 
struction requires exposure to 250' C. for one-half hour would readily clean the membrane, 
to an hour or more. Polymeric membranes have this drawback not only in 

Pyrogens can be deactivated, as in depyrogenation, cleanability but also in initial sterilization or 

by removal or deactivation. The endotoxin can be depyrogenation. To deUver pyrogen-free product, the 

treated with an acid or base to deactivate the endotoxin, 65 filter must be pyrogen-ffrce to begin. The membrane also 

and this is called depyrogenation by deactivation. should be sterilizable to eliminate colony-forming bac- 

Endotoxins can be removed from a liquid by distilla- teria on the membrane structure, and the high thermal 

tion which is the traditional method for depyrogenation stability of lipopolysaccharides makes heat unavailable 
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as the stcrilizable, depyrogcnating method of choice. port. The alpha-alumina support is a multi-layer struc- 
Further, the polymeric materials typically camiot be ture comprising a sublayer, e.g., such as a sublayer of 
depyrogcnated with sUong acid (to depyrogenate for 0.2 microns pore diameter preferably about an average 
initial cleanup). The same factors attributable to poly- of 25 \m thick, integrally bonded to support an ultrafil- 
meric membranes as drawbacks for initial cleaning also 5 tration layer, eg., a membrane layer which is further 
apply to regeneration of the polymeric systems also. supported on a second sublayer, e.g., of about 0.8 mi- 
It is an object of the present invention to provide a crons pore diameter preferably of about an average of 
method for depyrogcnating a liquid through a filter 30 to 50 microns thickness, on the other side of the first 
which can be chemically cleaned initially and on regen- sublayer. This structure then is further supported on a 
^ration. 10 porous support which has a pore diameter of about 1 0 to 

It is a further object of the present invention to pro- 15 microns and a thickness of about 1.5 to 2 mm. 

vide a method for depyrogcnating through a filter Raw materials for the outer coating of the membrane 

which can be acid depyrogcnated initially and on regen- include zirconium oxide stabilized with yttrium oxide. 

cration. These raw materials are mixed with water or alcohol 

It is a further object of the present invention to pro- 15 and a suspending agent to form liquid suspensions called 

vide a filter for removing pyrogens from a liquid which slips. The slips are deposited onto the support and are 

can be used over a long period and through numerous heated to drive off the liquid medium, to bum off the 

regeneration cycles. suspending agent, and to sinter the membrane. 

It is yet another object of the present invoition to Slip preparation from the yttrium oxide-stabilircd 

provide a method for removing pyrogens from a liquid 20 zirconium oxide begins by mixing the ZrOj powder 

through a filter having high flux and high permeability. with water and organic additives to form a homogcne- 

These and further objects of the present invention ous suspension. The organic additives, polyvinyl alco- 

will become apparent from the detailed description hoi and ethanol, act as deflocculating agents and also 

which follows. help to adjust the rhcological properties of the slip. 

25 They are evaporated or burned off later in the manufac- 

SUMMARY OF THE INVENTION ^^^ng process. The suspension is then diluted with wa- 

The method of the present invention for separating ter. 

pyrogens includes passing a pyrogen-containing liquid The slip prepared by the above method is next al- 

through a zirconium oxide membrane on a ceramic lowed to flow over the support where it is deposited 

support. The membrane on ceramic support preferably 30 and dried. The newly-formed layer then is subjected to 

includes a porous sintered zirconium oxide membrane a heat treatment in an oxidizing atmosphere which re- 

on alpha-alumina support. ' moves excess water and alcohol. The heat treatment 

, also oxidizes the organic additives and sinters the ZrOj 

BRIEF DESCRIPTION OF THE FIGURE p^^^,^^ ^j,„^t,y f * ^hem to each other and to the 

The sole FIGURE shows a schematic representation 35 support. Maximum temperatures during the heat trcat- 

of a membrane on ceramic support for cross-flow ultra- mem vary with the pore diameter desired for the final 

filtration in accordance with the present invention. product, but in all cases the temperatures reach at least 

„__„^ 500' C to ensure all organic additives have been oxi- 

DETAILED DESCRIPTION OF A PREFERRED ^^^^ * 

EMBODIMENT ^ ^^^^ fmished membrane is tested for compliance 

It has been found that the method of the present with integrity specifications by means of a bubble test 

invention provides more than a five-log reduction in used to check for possible point defects. For this test, 

pyrogen removal combined with surprising and unex- the supported membrane is enclosed in a suitable con- 

pected advantages of high flux and high permeability tainer and is inmicrsed in cthanol. Nitrogen gas is in- 

throughout an extended operating time while providing 45 jcctcd into the membrane side of the container. The 

excellent regenerability through the method employing pressure at which nitrogen gas bubbles appear on the 

the zirconia membrane on ceramic support of the pres- support surface of the unit is used to calculate the size of 

cnt invention. possible defects. 

Pyrogens or endotoxins are terms used generically Referring to the sole FIGURE, a schematic diagram 
herein for anything which induces fever in humans. It is 50 is shown for cross-flow ultrafiltration in accordance 
necessary that pyrogens are substantially eliminated or with the method of the present invention using the 
separated from a parenteral fluid to safe levels to pre- ceramic membrane on ceramic support. Ceramic sup- 
vent adverse patient reactions. Pyrogens caimot be port 1 of alpha-alumina in accordance with the present 
eliminated by autodaving or microfiltration, but are invention has multi-channels 2 incorporated in the 
successfully removed by ultrafiltration. Generally, a 55 monolithic support material. The channels can be 4 or 6 
10,000 nominal molecular weight cutoff ultrafiltration mm in diameter and are set up in multiple number, e.g., 
membrane will provide a two to less than five-log re- 19 channels per element. A membrane on support is 
duction in pyrogen concentration. Prior attempts have farmed inside of the axially oriented channels. Mem- 
not achieved reductions higher than five-log reductions brane coating 3 provides the ceramic membrane 3 on 
with a one-stage filter. Squibb Institute for Medical 60 alpha-alumina support material 4. Feed stream 5 con- 
Research has reported a 2 log reduction in endotoxin taining pyrogens 6 and water 7 is passed into the chan- 
content through a second pass in an ultrafiltration sys- ncls 2. A back pressure is applied to the feed stream 5 
tem using a polymeric membrane. Continental Water and a permeate stream 8 is passed through the mem- 
Systems ofSan Antonio, Texas reports a 6 log reduction brane 3 and support material 4 and exits as permeate 
of pyrogenic material but through a two-stage mem- 65 stream 8. The permeate in this case is primarily water 7. 
brane process. Retentate stream 9 exits the membrane on support ele- 
The method of the present invention preferably uses mcnt and includes pyrogen 6 and water 7. The mem- 
a support material of an alpha-alumina multi-layer sup- brane 3 preferably has a depth of about 3-5 microns. 
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The specific membrane on support is provided by membrane clement was 20 cm. The element end seals 
SCT in TaAes, France and is referred to as Mem- were a special glass enamel. 

bralox ® zirconia ultrafilter. The membrane on support element was cleaned with 

. It has been found that pyrogens can be removed to an acidic cleaner to limit corrosion of glass. With other 
very high purification levels from water. Pyrogens can 5 seals, alkaline solutions may be used to clean the mem- 
be removed with a 5 log reduction in pyrogen concen- brane element. 

tration in water. A 5 log reduction removes 99.999% of Before a test run was made, the system was depyroge- 
pyrogens by weight "a'"'- ™s was accomplished with a 2% hot nitnc and 

The method of the present invention includes using solution. Two gallons of a 2% nitric add solution were 
zirconium oride membranes having nominal pore sizes "» prepared in a system feed tank. Using steam and a stam- 
in the range of about 20 to lOOA. By nominal pore size less steel tobing cod munere^ in the taiik, the solution 
is meantaverage pore size. c.g. such as about 40A, was slowly heated to 75 -TO C. as it recirculated 
including more th^ about 95% of the pore sizes are through the system at 3.7 OPM (1 in/sec). T^ solution 
withintherangeofaboutplusorminus5%ofthenomi- ,^ Y**. ij? J!^*"^^'/" approximatdy 45 mmut^ 
nal pore size. e.g.. such as plus or minus 2A in the case 15 dunng y^bKb tmie the temperature dropped somewha^ 
of 4oI nominal V>re size. Preferably, the nominal pore D«nng this tmie. the AP (transmembrwie) was set at 60 
size of the zircoZn oxide membrane on the support of P« t^e permeate valve was fuUy open. This ensured 

the present invention is less than or equal to about 50A. ^n^^^^f which l«tM 

*_ g.^. *: «r After the system depyrogenaUon penoa wmcb lastea 

The ultrafilmtioi, 20 about 45 minutes, the 2% nitric acid solution was 

mcludes passujg the P W-<^^ flushed from the system with 3 to 4 gallons of distilled 

zircomum oxide membrane m a cross-flow or tengen^ ^^^^ ^ ^.^ ^^^^ ^^^^ 

flow over the membrane^ By cross-flow or tan^nti^d ^^^^ ^ ^ ^ ^^^^ 

flow is meant that the feed flow is amlly channeled and hydroxide solution then was prepared and added drop- 
essentiaUy perpendicular to the flow of penneate ^ ^ ^ ^^^^^ ^^^^ 

through the support as shown m the schematic of the ^ ^^^^ ^ ^^^^ ^5^7 q 

sole FIGURE. reached, another 2 gallons of distilled water were 

It has been found that the method m accordance with ^^^^ ^^^^^ ^^^^^ pH ^^^^^ 

the present invention separates pyrogens from a bquid ^.^j^ ^^^^ ^ pH-meters as a cross-check), 

to form a non-pyrogemc fluid. By non-pyrogemc fluid 3^ ^.^j g^jy remaining in the shell side was flushed 

is meant incapable of being detected by the methods distiUed water (1 gallon was sufficient), and the pH 

available for detecting pyrogens. The methods for de- measured. 

tecting pyrogens include a rabbit test and a LAL test. V^tTi all acid was rinsed and the system was at a pH 

By LAL is meant Limulus Amebocyte Lysate. To of 6.5-7.0 (closer to 7.0), a sample of feed and permeate 

achieve an eflective utilization of the pyrogen removal 35 collected and analyzed for pyrogens. In all tests, it 

process, the initial membrane on support should be ensured that the membrane module and the test 

depyrogenated prior to operation of the method of the system was pyrogen-free. 

present invention. Depyrogenating can be accom- Analytical procedure used the gel-clotting LAL test, 

pushed by chemically deactivating of the pyrogen, e.g., xi,e procedure was tested for repeatability and accu- 

treatment with a dilute acid, e.g., such as 2% nitric acid 40 racy. Exact concentrations were determined by serial 

or perchloric add. dilutions. Standards and dilutions were made by dilut- 

The pyrogens referred to in this detailed description „jg ^ known amount of lipopolysaccharides (L-2880, 

of the process of the present invention include pyrogens lo| 17F-40191. Sigma Chemicals, St. Louis, Mo.) with 

having a particle size of up to about one micron or sterile, pyrogen-free water that was non-bacteriostatic 

aggregate molecular weight of up to about one million, 45 (the preservative benzyl alcohol used in bacteriostatic 

and in one aspect a nominal molecular weight of about ^ater inhibits the test). Thereafter, a small amount was 

10,000 to 20,000. added to a vial containing the gel clot extract It was 

The method of the present invention can be described mixed, then incubated for 1 hour. The final step was to 

m functional terms also as, for example, by purifying a invert the vial slowly to observe any clotting. If the gel 

liquid to remove pyrogens includmg passing a pyrogen 50 clotted and adhered to the bottom of the vial, the test 

containing liquid through a ceramic membrane having a was positive; if it slid down the side, it was negative, 

flux rate or a permeability higher than about 50 Therefore, concentrations below the sensitivity of the 

L/hr/mV atm (transmembrane pressure) to remove test (0.0125 ng/ml) could not be determined, 

pyrogens without substantial fouling of the membrane The glassware was depyrogenated by heat treatment, 

through a run time of several hours. It has beoQ foimd S5 It was wrapped in aluminum foil and placed in an oven 

empirically through experimental observation and test- at 250* C for 2 hours before use. The pipettes used to 

ing that the method provides imexpectedly superior transfer the solution were individually wrapped, sterile, 

separations characteristics of high flux rate and limited disposable pipettes from Fisher Scientiflc. Samples 

fouling as shown by the observation of flux and permea- were taken from depyrogenating the system to be sure 
bHity through the ceramic membrane on ceramic sup- 60 it was dean and pyrogen-free. Two samples each of 

port in the method of the present invention. The supe- feed side, permeate side, and distilled water were tested 

rior characteristics will be described further in the Ex- prior to each run and all tested negative for pyrogens, 

amples which follow. The initial concentration in this Example was 500 

cvAiurPT t: ng/ml prepared in fresh distilled water which had al- 

EXAMPLE 1 ^5 j^j^ negative for pyrogens. At the end of 

Zirconia membrane on alpha-alumina support re- the run, two samples each were taken from the feed 

fened to as 316SS Membralox® lTl-150 Module was tank, permeate tank, and directly from the permeate 

provided by SCT in Tarbcs, France. The length of the line, and tested for pyrogens. The results were: 
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500ng/ml 
<a01ZS ng/ml 


<0.0125 ng/ml 


is challenged by a specific load of pyrogen (expressed in 
ng/ml). 

Log reduction in pyrogen concentration equals logio 
[average concentration of pyrogen in retcntatc (ng/ml) 
divided by average concentration of pyrogens in the 
permeate (ng/ml)]. 

TABLE 


Summary of Results on Pyrogen Rentention With 
50a Membralox Zirconia Ultrafilter 


Example 


Pyrogen Load 
og/ml Feed 
(Initial) 


Pyrogen Load 
ng/ml Retenute 
(Final) 


AP 

Transmembrane 


Water Flux 
at 20* C, 80 psi 
L/hr/m2(GFD) 

(corrected) 


LAL Results** 

(Permeate) ng/ml 

Onc'Line Log Reduction 


SOO 
IJ40 


1.000 
1,800 


80 


255 (153) 
272 (163) 


negative 
negative 


4.90 
5.16 


Module Uied; 1T1-I90<dana>t length 20 cm) 
Temperanire: 30-40* C 
Cross'Flow Velocity: 1.3 m/% 

•Pcnne»bUlty vdiie (L/hr/m^/aun) cu be caiculitcd by dividini the w«er flux value by tnuw 
'•Sensitivity of test ao 123 n^ml 


tembnoc praKure. 


This shows about a 5 log reduction in the concentration. 

Process conditions were held at temperatures of 25 
30*-40' C, a cross-flow Filtration velocity of about L5 
m/sec and a transmembrane pressure was 80 psi. The 
test lasted for about 45 minutes. Clean water permeabil- 
ity prior to the test run was about 50 L/hr/mV atm at 
20" C. Average permeability over the duration of the 30 
run was 47 L/hr/m2/ atm. 

It was found that there was only very low reduction 
in membrane permeabihty (to water) from the presence 
of pyrogens. 

The volume of permeate collected was about 2100 ml 35 
in a previously depyrogenated glass container. Pyrogen 
load at the end of the test was about 1000 ng/ml. Initial 
feed volume was 1 gallon (3.78 1). Two permeate sam- 
ples were collected on-line, and two samples were col- 
lected from the permeate collection glass container. All 40 
samples tested for pyrogens with the LAL test, as iden- 
tified in analytical procedure devised using the gel clot- 
ting test, and yielded a negative test, indicating pyrogen 
concentration below the detection sensitivity of 0.0125 
ng/ml. 45 

EXAMPLE 2 

Test conditions were changed from Example 1 in- 
cluding a run time of 60 minutes, initial pyrogen load of 
1,140 ng/ml, an initial feed of 1.5 gallons (5.68 1). 50 

Average permeability was found to be 50 L/hr/mV 
atm. The clean water permeability before pyrogen test- 
ing was 50 L/hr/m2/ atm at 20* C. Accordingly, there 
was practically no reduction of water permeability in 
the presence of pyrogens. The concentration of pyro- 55 
gens in the range of 500-1800 ng/ml appeared not to 
have any significant affect on permeability. 

It was found quite significantly that there was no pore 
fouling or concentration polarization attributable to 
pyrogens at molecular dimensions substantially higher 60 
than membrane pore size. 

The permeate sample on-line was less than about 
0.0125 ng/ml. 

Test results on pyrogen reduction ability from Exam- 
ples 1 and 2 are summarized in the Table. TTie reduction 65 
in pyrogen concentration commonly is expressed in 
terms of the logarithm reduction in pyrogen concentra- 
tion accomplished by a membrane filter when the filter 


While the invention has been described in terms of 
preferred embodiments, the claims appended hereto are 
intended to encompass all embodiments which fall 
within the spirit of the invention. 

What is claimed is: 

1. A method of separating pyrogens comprising pass- 
ing pyrogen-containing liquid through a zirconium 
oxide membrane on ceramic support, wherein said zir- 
conium oxide membrane a nominal pore size in the 
range of about 20A to lOOA. 

2. A method as set forth in claim 1 wherein said ce- 
ramic support comprises a porous sintered support. 

3. A method as set forth in claim 2 wherein said sup- 
port comprises a alpha-alumina. 

4. A method as set forth in claim 3 wherein said zirco- 
nium oxide membrane has a nominal pore size less than 
or equal to about 50A. 

5. A method as set forth in claim 4 wherein said pass- 
ing pyrogen-containing liquid through a zirconium 
oxide membrane comprises. a cross-flow or tangential 
flow over said membrane. 

6. A method as set forth in claim 5 wherein pyrogens 
are separated in an amount of at least about a 5 log 
reduction. 

7. A method as set forth in claim 5 wherein said pyro- 
gens are separated to form a non-pyrogenic fluid. 

8. A method as set forth in claim 5 further comprising 
an initial acid depyrogenating said membrane with ni- 
tric acid prior to passing said pyrogen-containing liquid. 

9. A method as set forth in claim 8 wherein said liquid 
comprises water. 

10. A method as set forth in claim 9 wherein said 
pyrogen-containing liquid comprises water containing 
pyrogen having a particle size of up to one micron. 

11. A method as set forth in claim 10 wherein said 
pyrogens comprise a nominal molecular weight of 
about 10,000 to 20,000. 

12. A method of purifying a liquid to remove pyro- 
gens comprising passing pyrogen-containing liquid 
through a ceramic membrane having a nominal pore 
size in the range of about 20A to lOOA and further 
having a flux rate or permeability higher than about 40 
L/hr/m2/ atm to remove pyrogens without substantial 
fouling of the membrane through a run time of at least 
60 minutes. 

13. A method as set forth in claim 12 wherein said 
ceramic membrane has a nominal pore size in the range 
of about 20A to lOOA. 
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14. A method as set forth in claim 13 wherein said 
passing comprises a cross-flow or tangential filtration. 

15. A method as set forth in claim 14 wherein said 
pyrogen separation comprises a 5 log reduction in pyro- 
gens in said liquid. S 

16. A method as set forth in claim 14 wherein said 
pyrogen separation comprises forming a permeate of 
non-pyrogenic liquid. 

17. A method as set forth in claim 16 wherein said 
liquid comprises water and said pyrogens comprise life 10 
sciences substances having molecular weights in the 
range of about 10,000 to 20,000. 


18. A method of separating pyrogens comprising: 

(a) providing an acid depyrogenated, ultrafiltration 
membrane of porous sintered zirconia oxide having 
a nominal pore size in the range of about 20A to 
lOOA on alpha-alumina support by treating said 
membrane on support with nitric add; and 

(b) passing pyrogen-containing water by cross-flow 
or tangential filtration over and through said zirco- 
nia oxide membrane on alpha-alumina support to 
separate pyrogens and form a non-pyrogenic per- 
meate. 

***** 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 


PATENT NO. 

DATED 

INVENTOR(S) 


5,104,546 

April 14, 1992 

James L. Filson et al 


tt is certified that error appears in the above-identified patent and that said Letters Patent is hereby 
corrected as shown below; 


On title page, Item [54] 
In the Title: 

col. 1, liiie 1: 

In the Abstract, line 5: 


Oiarge 'TYKOGENS" to — PVPDGEN— . 
Change "PYROGEMS" to —PYROGEN-. 
Change "zirooridiinn" to — zirconiiim — . 


Ool. 8, Table, in the ri^t 

side cx>luinn under "lAL Results**": Change "One-line" to —on-line—. 


In Claim 3, line 2, before 
"alpha-alumina" : 


Change "a" to — an — . 
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Twentj^-sixth Da}- of October, 1993 

BRCCELEHNLAN 

Commissioner of Patents and Trademarks 
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